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Assessing the ecological conditions of stream ecosystems in the suburb of Beijing

using a Channel-Wetland-Riparian Index

GAO Yang, GAO Jia-Rong ", LI Fu-Jie, FENG Ze-Shen
The Key Laboratory of Soil and Water Conservation. Beijing Forestry University 100083, China
Acta Ecologica Sinica 2008 ,28(10) :5149 ~ 5160.

Abstract; Stream is the basic component unit of terrestrial water environment and their ecological conditions are important
for sustainable functions in natural systems. For the development of a sustainable river system the ecological conditions were
investigated along Huaijiuhe River near Beijing, which is part of the water conservation district of Huairou Reservoir. For
the ecological assessment a Channel-Wetland-Riparian Index ( CWRI) were applied. The index compares the natural
conditions of the investigated stream to be reference sites, and evaluates the near-natural degree of structure and functions of
degraded stream ecosystems which is disturbed by human activities or sudden natural changes. CWRI is based on twenty-two
quantitative indicators and thirteen qualitative indicators including ecological, hydrological and geographical aspects. The
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majority of quantitative indicators are represented by ratios in order to avoid the problems with the variety of stream
ecosystem. The near-natural degrees of stream ecosystems can be classified into four grades: ( I ) natural grade ( no human
disturbance) ; ( I ) near-natural grade ( minimal artificial disturbance); ( I ) semi-degraded grade ( serious artificial
disturbance) ; (IV) complete degraded by human activities. Investigations were carried out at seventeen reaches to have a
maximum number of replicates. The assessment results are easily affected by the random of field investigations, existing

fuzziness and probability, therefore, taking the fuzzy probability assessment method to construct this assessment system.

Key Words: stream; near-natural assessment; channel-wetland-riparian index ( CWRI) ; aquatic ecosystem
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Table 1 The weights of indicators of the stream-wetland-riparian index (SWRI) for assessing the near-natural degree of small watershed

ecosystems in the suburb of Beijing

HHFE A R B BEB, iR C BEC,
Target hierarchy Principle hierarchy Weight  Indicator hierarchy Weight
& BRI Al HARAFE B1-1 03110 KHESFIREMES C1-1 0,054
Quantitative assessment Topographical characters ’ The number of contacting points between water and stream channel bed ’
FEN 0. 5Weight il & C1-2Curve degree 0.1965
K C1-3Water depth 0.09
7k 3% C1-4Water width 0.11
JAI 9% C1-5Stream channel width 0.06
K G F L C1-6 0.1961
The ratio between average water width and stream channel width ’
TR 40 2 e 4tk C1-7The variety of stream channel substrate 0.122
Y3k & C1-8Slope degree 0.1386
NEKF TR A% C1-9 0.0319
The amount of artificial hydraulic engineering ’
A B1-2 Zrpi g R C1-10
Ecological characters 0.4905 Riparian zone width 0.3156
Zrpi SR C1-11
. . . 0.124
The riparian vegetation variety
Znpii 2SR C1-12
. . . 0.2448
The integrality of riparian structure
T % i 35 ¥ C1- 13The number of larger than 10m vegetative 0.0586
disruption representing streamside assessing ability ’
A EBOKTE 5 7K FE kL C1-14The ratio between shadow water width and
. 0.0927
water width
JEWish )2 RE4tE C1-15The variety of large-scale benthic invertebrate 0. 1642
FKSCRFE B1-3 .
Hydrological characters 0.1976  ¥HiE C1-16Velocity 0.0856
7Ki& C1-17Water temperature 0.07
{BHUE C1-18Limpidity degree 0.2671
BERBR{E C1-19PH value 0.14
Y& 4E DO C1-20Dissolved oxygen (DO) 0.144
BE&#, C1-21Total ammonia nitrogen ( NH;-N) 0. 1444
BEBREL C1-22Phosphate (TP) 0. 1444
SRR A2 HUAHE B2-1 .
Qualitative assessment Topographical characters 0.2395 A C2-23Plane shape 0.3172
FEN 0. 5Weight BRE A C2-24Transverse profile shape 0.1667
IR 31757284k C2-25Channel flow status 0. 0689
T R#} L& K P C2-26The permeable ability of stream channel bed 0.1745
VA2 1 5 5, C2-27The utilization kinds of surrounding land 0.0844
JE Ik 454 C2-28The construction types of bank slope 0.1025
Y {272 E The erosion degree of bank slope 0.0858
A ZRHIE B2-2 0.3 THAEBORE C2-30 0.75
Ecological characters : The vegetative protection situation of bank slope :
R B SR C2-31 0,25
The habitat conditions for benthonic organisms ’
JKSCRHE B2-3
Hydrological characters 0.1373 B C2-320dor 0.4824
WiIEL R C2-33The variety of velocity 0.1575
BRI C2-34Limpidity degree 0.2718
WK C2-35The variety of flowing sound 0.0883
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Table 3 The detailed information about final chosen reference sites
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ii "éi S"JsM"JsSn.j+1HT‘I‘1rnJ+1 =

nj+l

(%Jitry TR Stream TIEL Reach @:ﬁiﬁ area (km?) ?;ﬁiépﬁ; location

B LIRATH F£E Huayuan 12.53 N40°38'52.5", E117°29'51. 8"

Miyun Andamuhe River B &R ¥ Caojialu 22.57 N40°38'59.26",E117°24'02. 8"

wER K % 11177 Baoshansi 32.00 N40°69'67.78" ,E116°56'01. 34"
Huairou Tianhe River P %S 48 Siwopu 28.24 N40°83'05.66",E116°46'94. 97"
FER E- 3= o] Vi B Xigouli 14.97 N40°51'16.45",E116°35'43. 12"
Yanqing Caishihe River Bk R Zhenzhuquan  23.75 N40°50'80.56",E£116°42'86.42"
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Table 4 Degrees of membership of qualitative assessment of different reference small watersheds

@& W3k Y53 5 First references sites
v PEAIHE 5% 4 Final references sites

FEE:S EBR%R REE WE EARER RRE
Small water shed Near-natural degrees Membership Small water shed  Near-natural degrees Membership
yidis) B SR IRZS Natural degree 0.669663 EZZR4 Caojialu  HRIRZAS Natural degree 0.262952
Huayuan HE B SR IRZS Near-natural degree 0.277962 HE B SR IRZS Near-natural degree 0.587267
1B 1L B SRIRZS Degraded degree 0.022375 1B4L B SRIRZS Degraded degree 0.132922
ATIRZS Arificial degree 0.03 ATIRZ Artificial degree 0.01686
RIS B SR IRZS Natural degree 0.157016 [OEREH B #R IR 7 Natural degree 0.359177
Baoshansi HE B SR IRZS Near-natural degree 0.524769  Sidaowopu HE B SR IRZS Near-natural degree 0.535424
1B 1L B SRIRZS Degraded degree 0.293737 1B4L B SRIRZS Degraded degree 0.055871
ATIRZS Arificial degree 0.024479 ATIRZ Artificial degree 0.078567
Piipaf:l B SR IRZS Natural degree 0.965073 BEHR B #R IR 7 Natural degree 0.490435
Xigouli HE B SR IRZS Near-natural degree 0.034927 Zhenzhuquan HE B SR IRZS Near-natural degree 0.307273
1B 1L B SRIRZS Degraded degree 0 1B4L B SRIRZS Degraded degree 0.202292
ATIRZS Arificial degree 0 ATIRZ Artificial degree 0

SR Z 5 4 B, HAR RS BERARE T B AR F RN R Bl T AR A W T, £33 T a8
WU L, KRS AT BARRE, I SRR B RFRRMN TSR N, HAbsh T B 2 MimE,
BInss 8.15 B4, i Tim B FE H 85 LR iR , i A N THIAE ;6 M BAb T B4 B ARRE, KAt b
AT REH =02 —  HRERRFEAREEME, A TYME . 15 5RE;2 MHBAAL TERAARRES AR
SB35 BT UERRZEYDERE,3 MAIBAT A TRE, 73X 3 M B, MRES™4E TR
RUARAL, RKEBIMKBONH T ¥, (B R B R W it BRIKE , 1E B RFRBH .

T BRASO 3 MHMERRT , B T ALY R UEAME L8 TG HE T, L R
BRITZWI R E i 80% KT Bry b TR B R REMA TR ESREER Bl TR EE
PRELE, BZH TER T, RAAE 20% B9 BAL Tt HARREA B ARIRZS s PRI B 7K STRHER 58
HXTBSF BZB RN EATE 5K AUK S FREKEN , 578 B 70% K Bab T84k 8 ARFAMATLR
o Gb, BRFEWILITRARFTA K B RESR, AL BT TR B R A G B R N R K R AT
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Fig. 3 The segmented diagrammatic sketch about near-natural degrees of d different small watershed in Huaijiuhe River
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Appendix table 1 The standards of qualitative assessment

HuZR4FAE Topographical characters

aiE1

Assessing indicator

AR
Natural degree

I ARRE

Near-natural degree

B RRE
Degraded natural degree

AIRE
Artificial degree

FEES
Plane shape

BREES
Transverse
profile shape

TR A4

Channel flow status

T R Rk
The permeable
ability of stream
channel bed

PR LA I

The utilization kinds

of surrounding land

RS

The construction
types of bank slope

BN RMEE
The erosion degree
of bank slope

MEGRET, 22T F
RIS TP : SN L]
B AMEOE, TR R L
BERHKWE G, AR
AF, REELK

TTERBRIE IR RE R, 39
RI IR W, 7K
BXANERME FE, BE
SRBEXENHFRER
HE

TFAKSEREN TR, BA T
T RIR I RBEIES

TR PRAS B B K HE R BR Y
WA HaEMRaE,
RN AK ARAS, 7
REEEBRK, SFKRY
AR AR AT SRR R 3
w3
PRERN, RN T EE
AR ( RRBAT) il
T, Tk 7= A T SR

FIVEB B, RSB
RGN A HM R, T
AR TR, L T H
AR L, AE X BEUN, F T i
HBAEREAR , I I
WHBFE

RELHBRM, i TRR
HEBHRY 7B R
FEAE B R

TMERT—ER S T, H
ATBERIRE, 5. F
AREHEK FELSERL
PEOWE, TR L AR
T, A — R ) R AR AL

MENEHNEESRE —
EERE, ALK L
AT T B 1 SR )
B BE, R RES
BAARES BRES R
AR IR R AR B

FIKFER >75% TR, &
TR REARE 25% KTH
KRIERZBEES

TR BRAE — B,
HBRAR/MFHRESR A
R AREMEREME SR
A9 T4k, 0 & 22 ) 8 %
2P

R R OCRE), HEK
THFEENRE R ER
FREEERR , SR TS E 7
M rE

RERAPR, FEANT
WERE, B 7 RIRE
380 EERIERAE R
(ER);( AREKEZEL T
54ERIE

SEBXSFERM, (NEF
B i T ARESHT
HEERBAR, BEHN
zt]

TEZATFE, AHBAT
WERIRE, 28 . F O34
WLMEEH K, MR
R, BEEA—3

REH BN B U BT,
BSERWE, FEKEH
mEALAR /D, R D
BRyEME R

K BERIEW 25% ~T75%
BRITRTIR , B4 B0 TR PR RS S5
HWBFRIES, B TRAfE 5
K, H B K HREK
Bl A= AR B

TR R R, BT A
o WA TR SR G B
—, HBOR /M R
F—3, SR E T
BMAESHEE KRR
Fl R

ZiE A (ER), WEE
BA R L AR T
AEviERE BB TER &
THREHFESETH
—REBRH BT

EARPE, AN T HRREH
B, BERRBLIRE ARR
HoHPRERE—ER
T, B E PO A THHE,
RRERKEWERD

R, BT ARTES K
T, BAT LR BRI
2. B8 N8

MEFE, AEELL, 25,
T O LHSEEE K, T
RE&TH, RO R ME, BE
-3

TR TS 4T L
BT & JULA W, T
rE

EFCERAAKEFE LF 3
RERI T K 53 BLFE T R b
1EB/AKER R

TR B R E AN, B AR
B+ mE KA EESEN
1 AR D B TR
BB TREEH, 5K
BB ] S F

BARM(RE) , HEH L
FEENMEE RN ESE, HHE
REE — R 38 R e

KMARTHAYE, PH%EE
W PR BT R

BRI X ERM, BT
ARES BT, AL
UBIRERENRBAR

A AHFE Ecological characters

BRI E SRR
The vegetative
protection situation
of bank slope

TR BT
The habitat
conditions for

benthonic organisms

1Bid 90% B I A +
EWER, SHEFAER,
ERMAEARKER, &
FRABIE AR 15
TR G, TEEY
BT BRERRS

13 50% BRI AR E
HRWHIMER, ARE
R ARG, i
HRT SRR g BB
Lo A Y AT DA S BR
FRETRE

70% ~ 90% Ky 3 g4 +
EWE R, BEAREH,
FELERBGEAERE
TEBMER, BaEEH
WRUKRE, B —¥%
BRI B8 B e

30% ~ 50% F) IR BRI BT aE
HRWEMER, B=H
WRE R X AR A Y R
% RSB AR ETEA K
g BRE —E R E
Wi AR IR Wl =
R

30% ~ T0% B 3 B AR )
B& T oue,
AT AR BB 2 B A AR
BBER, KF ZARAE I Y
BRAE PR

10% ~ 30% B3 R JEE BT ad
HRWEMER, H=0H
BRI ERRIRME
MHENERER . ERE,
HEREFZIARN LD

B A B 30% B9 5 3% wA
B E MBI E LA B
B AR REN N RESR
HER

B 10% BT IR Bt R 1
YRR R AR T
ARE RETAARERE
EFEHFRREFE
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gx
R gL HRARE EARRS B RRE ANTRE
Assessing indicator  Natural degree Near-natural degree Degraded natural degree Artificial degree

JKSCHFAE Hydrological characters

S Bk odor

WELREE
The variety

of velocity

HREE
Limpidity degree

WAMEF
The variety of

flowing sound

K ITIE FPIT H L B 3
BT TH, BARE
&N R R BB B
WEELR

AT EER, 7 UL
BRARR 5, /B K.
BilrEmS

ARG AR S & W S
T EARZE EAEA,
HEMERKRAE T, &
RAMEE, AR
METHSEIAEE LN,
JEH DL, TR T B9 7 B
REUTEl, A 5 B BRI R
ik

H K IATIE ST H L B 3
BT TH,BIEHE
TERRRE BB 2
WG B, TR
BT I 5 5L e Bk Ak
I, WEE — 2k

AEFLE, BEERE
RY ERNPEBERTA
RRE, KE_EA B EHE
HHIFEY (AR 10%
B X R

BRAZIARMBH TR,
BERFMBHMBEEE
A, WK & R &
WA, B R RS, HAAT
BERTEN, BER
Bt ABA NN R B AR T
BRI A%Eh, B
WK B L 18 BE B )
T ARREHFE

H K IATIE ST H L B 3
BT TH, B
TERRRE BB 2
W B 2H K, (LFEH
I H KA /AR ) B R AR
E,REZEEEL—F

B EEE, L hERN
BEAKIEM,10% ~30%
KEE &R REY T
2EE GFRERE, T
FELI—E A KR, I
YRR 4

RBAAXTEN TR, ME
b v Ol o - G
—, MIEREXFER, &
SHEREBE Lo, &
ERSERIKANET,
BHBAMWEKA, 425
HERIFKEEF

KA TE AT, B2 B R
TTE, BEER
MERLEME AN BK. 2
BB REEEHO

HEEW, KPESREESE
%, 81 30% K EE £5E 2R
TR Y B, B30 VR B, K
TERERERAARE, IS
BRI B BIR

B TE AR AR R, T
AT , AT U B K
WEE, BELRBET S

g2 ERTMEFAE
Appendix table 2 The standards of quantitative assessment

Hu$4F4E Topographical characters

R gL HRARE EARRS B A RRE AIRE
Assessing indicator Natural degree Near-natural degree Degraded natural degree  Artificial degree
PR 5 TR PR Ak O 0= <10 <R <21 22 < Hefih N <40 Hefthat >40

2 #h E Curve degree L E=2.5 2<THEF <2.5 L.2<ZHfF <2 TEE <1.2
7K B Water depth ratio BE =3 2. 5<HFEH <3 1.2 <EFEH <2.5 WEL <1.2
7K 5% Water width ratio RELL =4 2.8<RHEL <4 1.5<RHHEH <2.8 FEH<1.5
Y71 5% Stream channel width ratio TFEEL =2 L65<TgEE <2 L25<W % <1.65 KK <1.25

K 5535 L, The ratio between

average water width and stream

channel width

0< KSR <
0.35

0.35 < KBSt
<0.55

0.55 < AR FE5 I % b
<0.8

AFESHFEE >0.8

TRIR T A FEE FEE=10 T<FHEE<10 3<FEF<T FEE<3
ZREME Wiener W=2.5 2<W <2.5 1.2<W <2 W <1.2
/N BURL BT
He B F( % ) 0<F=<30 30<F<45 45 <F<70 F >70
YRR EE(°) 0 <P FE<I15° 15° <P & <30° 30° < i JF <45° Y >45°
MR ~2 488 MR3~4 4N, EE M5 ~-8 A, EE AT 9, AR
SEWENREKR ASBWEBENMREA BREBEMNREKARN ﬂ(gﬂﬁiﬁﬁﬁ,ﬂ%ﬁﬁ&'
ANTEKH TARE 80 MRS, A EAE REESE HuEE E8E XHIFET 7 %&mggfz&mg
THRKEELEEKE ETEKREELEZEK TERKEELEEZEKE E“’%’é%ﬂﬁ@é% :
IR RIOERAL I RAL . A
A AHFE Ecological characters
A TEBILE HEHER=15m 10m <M B <15m 3Sm<AEP T < 10m BT <3m

Riparian zone width
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g%

A AHFE Ecological characters

ZHEY M Wiener W=3 2.5<W <3 1.4<W <2.5 V<14
The riparian Simpson §=0.95 0.85<S <0.95 0.65<S <0.85 S <0.65
vegetation variety  Pielou P=0.95 0.85<P <0.95 0.65<P <0.85 P <0.65
FEE FEE=15 10<EEH <15 A<FEE <10 FEE<4
i S AEESRENAR FRESREAWS o0 PIREE aupsxmmgniae
The integrality of riparian structure R FARBERA THE A% TFE ESEES
T R A A

The number of larger than 10m
vegetative disruption reflecting

SO0 0 I<BEHBOM <2 S<HEBEHROIMH<S EESHRONH>6

streamside continuum ability

HEBOKE K FE L

The ratio between shadow water

HEBATEKTEE 0 2<FEB/KELEK 0.05<HFEBAESE HERKESKEL

width and water width >0.5 FH <0.5 A S <0.2 <0.05
ggﬁﬂ%ﬁﬁ S S=15 10<S <15 3<S <10 S <3

The variety of J J=0.85 0.65<J <0.85 0.3</J <0.65 J <0.3

large-sized H H=1.8 1.5<H’ <1.8 0.6<H <1.5 H <0.6

benthic invertebrate D D=1.5 0.8<D <1.5 0.2<D <0.8 D <0.2

JK SCHFAE Hydrological characters

i Velocity ratio WEL=3.5 2.5<HiE <3.5 L2<WEL <2.5 TRk, <1.2

7K iR Water temperature 1</KiEL <1.1 1.2<KkiRtb=<1.1 1.4 <KkiEtb<1.2 KB >1.4

WRLIE Limpiiy degroe S R, ™ SANSISRES  AAUS | SRER
BABR(E pH value 7.5>pH=6.5 ‘;“:}}2}7[_?6‘ 02%8.0 52‘(;}2?_?4‘ SEO4  H 0 5mR4.55pH
Y& R4, Dissolved oxygen (DO) DO=4.5 4<D0 <4.5 3<DO <4 DO <3

HEHA NH,-N

Total ammonia nitrogen ( NH,-N) 0<NH;-N<0.1 0.1< NH;-N=<0.15 0.15 < NH;-N<0.25 NH;-N >0.25
BEREL TPPhosphate (TP) 0<TP=<0.01 0.01 < TP<0.025 0.05 < TP<0.025 TP >0.05
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